IMMUNOGLOBULINS IN NZB/BL MICE : I. SERUM IMMUNOGLOBULIN LEVELS AND IMMUNOGLOBULIN CLASS OF ERYTHROCYTE AUTOANTIBODY by Warner, Noel L. & Wistar, Richard
IMMUNOGLOBULINS  IN  NZB/BL MICE 
I.  SERUM "[MMUNOGLOBULIN"  LEVELS AND  IMMUNOGLOBULIN"  CLASS OF 
ERYTBROCYTE AUTOANTIBODY* 
B~  NOEL  L.  WARNER,~:, § PH.D., ~  RICHARD  WISTAR, JR.,§ M.D. 
(From the Departments of Genetics and Medicine, Stanford University 
School of Medicine, Palo Alto, California 94304) 
(Received for publication 25 August 1967) 
Mice of the inbred strain NZB/BI spontaneously develop several parameters 
of autolmmune disease, namely autoimmune hemolytic anemia (1-3), thymic 
germinal centers  (4--7),  and kidney lesions similar  to  those seen in  systemic 
lupus  erythematosus  (8-10).  These mice accordingly serve as  a  unique  and 
invaluable model for a study of the underlying causes of autoimmune disease. 
Although  at least one genetic component is  involved in  the development of 
this syndrome (11, 12), its precise mode of action is at present unknown. 
Hypergammaglobulinemia is  found  in  most  human  autoimmune  diseases 
(13-15), and usually consists of an elevation of the ~,G-immunoglobulin class. 
The immunoglobulins in mice have been divided into five classes on the basis 
of  antigenic  (16,  17),  functional  (18,  19),  and  chemical  (20,  21)  properties. 
Quantitative assays have been developed for the measurement of each of these 
classes and the results obtained with the sera of NZB and other mouse strains 
are presented in this report. 
It has previously been reported that a  classical "y-globulin  forms the major 
component of the protein coating on NZB  erythrocytes leading to the direct 
Coombs'-positive reaction (22). This aspect has been examined with reagents 
capable of discriminating between the five mouse immunoglobulin classes, and 
a preliminary attempt was made to quantitate the amount of autoantibody on 
the red blood cells. 
Materials and Methods 
Mice.--The NZB mice used were obtained from two separate colonies. One of these  was 
maintained in The Walter and Eliza Hall Institute, Melbourne,  Australia, and the other in the 
Department  of Medicine, Stnnford University School of Medicine, Palo Alto, Calif. Both 
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colonies were originally derived from breeding pairs obtained from the colony of Dr. Marianne 
Bielschowsky. We are indebted to Dr. Margaret Holmes and Dr. Halsted Holman for provid- 
ing the NZB mice or sera used in this study. Mice of the other inbred strains used and hybrids 
of NZB mice were obtained through the kindness of Dr. L. A. Herzenberg from colonies main- 
tained in the Department of Genetics, Stanford University School of Medicine. 
Mouse Serum Pools.--The  various mouse sera used in this study were obtained by tail 
bleeding of the appropriate  mice. Each serum pool consisted of equal volumes of 6-10 in- 
dividual sera from mice of identical strain, age, and sex. 
Estimation of Immunoglobtdin Le0ds.--The basic assay used involves the inhibition of pre- 
cipitation  of l~I-labeled immunoglobulins by the test serum as compared to a  purified im- 
munoglobulin standard using specific antisera for precipitation. The methodis similar to that 
reported by Weiler et al. (23), and Fahey and Lawrence (24) for the determination of human 
TABLE I 
The Antigen-Antibody Combinations Used to Quantitate Mouse Immunoglobulin Classes 
Immunoglobulin  Purified  labeled immunoglobulin  Antiserum  class 
vM 
'yA 
"yGI 
~G~ 
~tM isolated from normal 
C57B 1/10 serum 
MPC-1 myeloma protein 
MPC-25 myeloma protein 
RPC-5 myeloma protein 
Rabbit anti-mouse (C57B1/10) vM absorbed 
with pooled normal mouse vG 
Rabbit anti-MPC-1 ribosomes absorbed 
with pooled normal mouse 3~G 
Rabbit anti-MOPC-21 myeloma protein  ab- 
sorbed  with pooled normal mouse ~'G 
Rabbit  anti-normal  mouse  ~'G  absorbed with 
MPC-25 conjugated to PAPS* or C57BI/ 
10 anti-C3H  (antiallotype  serum) 
* Polyamino polystyrene. 
immunoglobulin  concentrations.  Four  different  precipitating  assays  were  developed,  each 
specific for one of the five mouse immunoglobulin classes.  ('yC~b-leveis were not qtmntitated, 
see Results.) The four antigen-antibody combinations used are listed in Table I; each assay 
was shown to be specific for the designated immtmoglobulin class by the failure of proteins of 
other classes  to inhibit the precipitation of the labeled protein. 
The serum concentration of each particular immunoglobulin class was determined by test- 
ing three to four serial twofold dilutions of the test serum for inhibitory capacity in the par- 
ticular assay. The degree of inhibition was compared with that obtained with known amounts 
of a purified immunoglobulin preparation of the appropriate class.  The results are plotted as 
the redprocal of per cent-labeled antigen precipitated against the amount of inhibitor protein 
or serum used.  The complete methodology used in these assays,  i.e. amounts  of reagents, 
buffers,  conditions of precipitation, etc., was identical to that previously described in detail 
(25, 26). 
Immunization of Rabbits.--Rabbits were immunized with purified mouse myelonm proteins 
or various fractions of normal immunoglobulins by methods previously described (26). When 
necessary, the antisera obtained were absorbed with either lyophilized mouse 3'-globulin or 
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Isolation  and Iodination  of Mouse Immunoglobulins.--The  methods used for isolation of 
these proteins have been previously described in detail (26). Labeling with 1~I was performed 
by the method of Greenwood et al. (27). Many of the antigens and rabbit antisera used in this 
work were prepared in the course of other studies on mouse immunoglobulin antigens by Dr. 
L. A. Herzenberg and Dr. N. L. Warner. We are extremely grateful to Dr. Herzenberg for 
making these available for the studies reported in this paper. 
Dire~t Antiglobulin  (Coombs) Tests.--Mice were bled from the tail into citrate-saline and 
TABLE  II 
Serum Immunoglobulin Concentrations in Mire 
Strain 
NZB/B1 
(NZC X  NZB) FI 
(C57BI X  NZB) F1 
(C3H X  NZB) F~ 
NZC 
NZW 
Balb/c 
CE/J 
DBA/2 
C3H. SW/HZ 
Ag 
M 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Serum concentration, mg/ml 
,yM  ,rA  xGt  .rG.~ 
1.1  0.7 
3.3  2.0  0.16  1.0  6.2 
3.3  3.5 
4.4  2.7  0.23  1.2  9.5 
5.5 
5.9  3.6  0.59  1.5  10.8 
5.5 
8.0  0.56  1.3  12.8 
5.4  0.50  1.5  10.5 
1.8  0.12  1.3  11.5 
1.9  0.25  1.8  11.5 
1.4  0.16  2.7  5.1 
1.4  NT  1.1  5.2 
0.7  0.30  1.4  5.9 
0.9  0.29  1.3  7.7 
0.7  0.18  1.6  5.7 
0.6  0.23  1.1  9.0 
0.9  NT  1.6  9.0 
1.5  1.10  2.5  20.6 
NT, not tested. 
the erythrocytes were washed four times in large volumes of isotonic saline at 37°C. The cells 
were then brought to a 20-30% suspension for the Coombs' test. Each suspension was tested 
as described by Long et al. (28), using various rabbit antisera at several dilutions. 
Quantitation of Immunoglobulins on Mouse Erythrocytes.--Four  times-washed mouse eryth- 
rocytes were brought to a certain volume in saline, a sample was counted in a hemocytometer, 
and the suspension then adjusted to a  known cell concentration (usually around 4.0 X  I(P/ 
ml). Samples of the cell suspensions were then placed in inhibition assays  to determine the 
content of immunoglobulins of each class. The results are expressed as micrograms of im- 
munoglobulin protein per 101° red cells. 172  IMMUNOGLOBULINS  IN  NZB  MICE 
RESULTS 
Serum  Immunoglobulin  Concentrations:JAil  determinations  of  serum  im- 
munoglobulin  concentration  given in  Tables  II and  III were  performed on 
pools of mouse sera. The values for NZB  mice of ages 2-9 months from two 
different colonies are presented in Table II together with the values for several 
different inbred strains and their hybrids. 
Recently it has been found  that heterologous  rabbit anti-mouse  immuno- 
globulin sera may contain antibodies directed  to allotypic determinants  (29). 
These antisera cannot be used in assays to determine immunoglobulin concen- 
tration since sera from strains lacking the particular allotypic antigen will not 
be  capable of completely inhibiting  precipitation.  A  linear  relationship  will, 
therefore, not be obtained in the plot of reciprocal per cent precipitation.  In 
TABLE III 
Serum Immunoglobulin Concentrations in NZB and Normal Mice 
Strains 
NZB/B1 
NZB hybrids$ (3) 
Normal strains§ (7) 
Age range 
months 
4-6 
4-6 
4-8 
"rM 
4.4* 
1.7 
0.9 
-yA 
0.43 
0.18 
0.25 
"yGx 
1.3 
1.9 
1.5 
"yG'2& 
9.9 
9.3 
9.0 
* Each value represents the mean immunoglobulin  concentration for the respective strains 
in mg/ml. 
Hybrids listed in Table II. 
§ Normal strains listed in Table II. 
the "YG2b-assay it was found that all rabbit anti-mouse "YG2b-sera  used, detected 
an allotypic antigen present in all strains except those carrying the Ig-3  d and 
Ig-3  ° alleles (30) which include NZB. Values for ~,G2b-levels in NZB have not, 
therefore,  been  included.  Some  inhibition  was  still  obtained,  however,  with 
NZB sera in the 5,G~b-assay,  due to antibodies in the rabbit antiserum directed 
to  (nonallotypic)  "yG~b-class-defining specificities,  and  it  appeared  that  the 
level of "yG2b was not elevated in NZB sera. Allotypic antigens were not de- 
tected in  any of the other four assays, since all mouse sera used  completely 
inhibited  precipitation  of  the  labeled  antigen  when  sufficient  inhibitor  was 
used. 
The results of immunoglobulin class quantitation from various strains have 
been grouped,  and a  mean value determined.  This is presented  in Table II1 
for mice between 4-6 months  of age.  In view of the  consistent  elevation of 
"yM-immunoglobulins  observed  in  pooled  NZB  sera,  individual  mouse  sera 
were  also  analyzed.  It was found  that  most NZB  mice  tested  had  elevated NOEL  L.  WARNER  AND  RICHARD WlSTAR,  JR.  173 
7M-levels (10/14 8 months over 2 mg/ml), whereas only an occasional normal 
mouse showed an elevation over 2 mg/mi (2/20 C3H and BDP 1-yr-old mice). 
Old C57B1/10 mice were also found to have slightly elevated 7M-levels (mean 
1.8  mg/ml  at  1 yr)  although  it  should  be  stressed  that  younger C57B1/10 
mice had normal levels (mean 0.9 mg/ml at 8 months). 
Antiglobulin  Tests  with  NZB  Mouse  Erythrocytes:--Washed  erythrocyte 
suspensions  from 39  NZB  mice  ranging  in  age from 7-12  months  old were 
tested by the direct Coombs' test with various antiglobulin reagents. 35 of the 
39  mice gave a  positive direct  Coombs'  test with  a  polyvalent rabbit  anti- 
mouse whole serum (previously absorbed with C57Bl-washed red ceils). Four 
other antisera were then tested for their ability to agglutinate many of the 
NZB erythrocyte suspensions. Each of these antisera had been appropriately 
TABLE IV 
Immunog lob*din Class of Erythrocyte A utoantibody in NZB/Bl Mice 
Age of mice 
mont~ 
7-9 
10-12 
Direct Coombs' test with specific Anti-immunoglobulln  sera 
7M 
(6/12) 
65 
(15/23) 
vGt 
91 
(to/n) 
83 
(15/18) 
7G~a 
50 
(s/to) 
7O 
(14/20) 
~A 
20 
(2/10) 
5O 
(7/14) 
* Per cent of mice with direct Coomb's-positive test. 
No. positive/No, tested. 
absorbed where necessary to render them specific for only one of the mouse 
immunoglobulin classes. Each antiserum was titrated against each of the five 
l~5I-labeled  purified immunoglobulin preparations  (indicated in Table I  with 
MPC-31  for 3'G~b), and was found capable of precipitating only one of these 
proteins.  Three of  the  four  antisera  used  were  absorbed  rabbit  anti-mouse 
immunoglobulin sera, the other being an alloantiserum containing antibodies 
directed to 7G~-allotypic specificities present in NZB. Although the specific 
rabbit antisera were not absorbed with normal mouse red cells no agglutination 
of washed erythrocytes from any normal strain was ever detected with these 
sera. 
The results of antiglobulin tests are presented in Table IV as the number 
and percentage of mice tested that give positive Coombs' tests with the vari- 
ous antisera. The group of mice tested included approximately equal numbers 
of both sexes, and the Coombs' results were similar for both. The mice were 
divided into two age ranges, 7-9  and 10-12  months. (These are different mice 174  • M'MONOOLOBULINS IN  NZB  MICE 
and not repeated tests  on the same mice.)  Although  the results for the  two 
groups are basically similar, a higher percentage of positive Coombs' tests was 
obtained in the older mice with all reagents except anti-~,G1.  Nearly all mice 
have "yGl-autoantibodies on their red cells,  and  a  very strong  agglutination 
was usually obtained with the anti--3,Gl-reagent. The results from both groups 
show that 86%  of the mice had 3,Gi-autoantibodies on  their red  cells.  The 
other immunoglobulin classes were encountered less frequently. The autoanti- 
body population can  therefore consist of antibodies  of any of the  immuno- 
globulin classes ('yG2b has not been tested), and furthermore most of the mice 
TABLE  V 
Imraunoglobulin Class of Erytkrocyte A utoantibody in NZB /BI Hybrid Mice 
Strain 
(NZC X  NZB)Ft 
NZB Hybrids with C57B1/10(6) 
DA/Hu(6)  & FZ/Di(4) 
months 
7-8 
8--9 
9~-12 
13-16 
21 
12 
Direct Coombs' test with specific  Anti- 
immunoglobulin  sera 
?oly- 
alent 
0/5" 
0/15 
2/14 
1/11 
9/9 
11161 
yM 
2/10  7/10 
5/12  li/12 
1/il  1)/11 
NT  ~T 
vG~  ,G,,  xA 
/1(  O/lO 
/1~  0/12 
/1(  NT 
/91  NT 
NT, not tested. 
* No. of Coombs'-positive mice/No, tested. 
:~ 4/9 Coombs'-positive with Balb/C anti-NZB  alloantiserum; 0/9  NZB  anti-NZC  aiM- 
antiserum. 
simultaneously have autoantibodies of more than one class. 8 of the 35 positive 
mice simultaneously had  autoantibodies  of all four immunoglobulin  classes. 
There did not seem to be any pattern of association of classes in the other 
mice; i.e., some mice positive for ~,M  were positive for 3'Gu and some were 
not,  etc. With  only one exception, however, ~/A-antibodies were only found 
when all other classes were present. 
Antiglobulin  Tests with (NZB  X  NZC)F1  Hybrid  Mouse Erythrocytes:-- 
Erythrocytes from 15 (NZB X  NZC)F1 hybrids and 16 hybrids of NZB with 
other strains were  Coombs'  tested with various antiglobulin sera.  The tests 
were repeated on the same mice at different ages. By 8-9 months many of the 
(NZB X  NZC)Fa hybrids were Coombs' positive, whereas even by 12 months, 
only ~6  of the other hybrids was Coombs' positive. The 15 (NZB X  NZC)Fa 
hybrids included six males and nine females, and the degree of agglutination NOEL  L.  WARNER  AND  RICHARD  WISTAR~  .JR.  175 
obtained with the erythrocytes from the female mice was usually much greater 
than from males. Although the numbers of mice are small, there was a definite 
tendency for the female mice to become Coombs' positive before the males. 
The results are presented in Table V and show that the incidence of ~,M- 
autoantibodies rises with increasing age of the mice, whereas the incidence of 
"tGl-antoantibodies is nearly maximal at all ages tested. The incidence of both 
~'G2a- and ~,A-autoantibodies is much lower than that observed in the NZB 
mice. The four mice which had ~,G~a-autoantibodies  were also Coombs' positive 
with an alloantiserum specific for the NZB parental type. 
Quantitation  of Immunoglobulins on Mouse Erythrocytes:--In  an attempt to 
quantitate the amount of autoantibody of each immunoglobulin class present 
on the NZB erythrocyte, we have taken advantage of the inhibiton of precipi- 
tation  assays  used  for  determining  serum  immunoglobulin  levels.  Mouse 
erythrocytes were washed four times in saline, and samples of the red cell sus- 
pension  (of known  concentration)  were  placed  in  various  immunoglobulin- 
inhibition assays.  Inhibition of precipitation  of the labeled immunoglobulin 
should only be given by virtue of the presence of the immunoglobulin (anti- 
erythrocyte autoantibody) on the red cell surface. By comparing the degree of 
inhibition obtained with the "coated" red cells with that given by a  purified 
immunoglobulin a value was obtained for the amount of immunoglobulin per 
given number of red cells. 
Unfortunately, washed mouse erythrocytes from normal strains have always 
given a slight degree of inhibition. This is not due to a failure to wash out all 
the serum proteins, since when sheep red ceils were incubated in normal mouse 
serum and then washed in an identical fashion no inhibition at all was ob- 
served (whereas when mouse anti-sheep erythrocyte serum is used with sheep 
red cells, marked inhibition of precipitation is subsequently observed). 
Erythrocytes from 16 normal mice of ages between 6 and 12 months (4 at 
6 months, 8  at 10 months, 4 at 12 months) and representing seven different 
strains  (three  C57B1/10;  three  C3H.SW;  one  SEA/J;  one A.SW;  one  LP; 
one BDP/J; six (C3I-I  ×  DBA/2)F1)  were washed four times and tested in 
the different inhibition assays, which were specific for 3'M-, ~'G~-, and a 3'G- 
assay in which qtGa, "yG2,, and ~'G,b were all detected (but not discriminated). 
Erythrocytes from 13 NZB/B1 mice were similarly tested. (Ages: one at 3 
months; one at 6 months; three at 8 months; four at 10 months; three at 12 
months, and one at 18 months.) 
All the normal mice were Coombs' negative, and all of the NZB mice (ex- 
cept the two at 3 and 6 months) were direct Coombs' positive with anti-q,G- 
and anti-ffM-antisera. 
The results of inhibition assays with the washed  erythrocytes are given in 
Table VI, as the micrograms of immunoglobulin per 10  x° red blood cells. Al- 
though the normal cells have given some inhibition, a significant elevation of 176  IMMUNOGLOBULINS  IN"  N"ZB MICE 
5'M  and  total "),G with only slight elevation of "yG2., was observed for the 
NZB  erythrocytes. The  values  for  the  NZB  erythrocytes less  those  of  the 
normals would approximately correspond to 400  molecules of ~M and 5000 
molecules of "),G per red cell  (taking tool wt of  ~'M  at 9001000  and "),G at 
160,000). 
DISCUSSION 
Inbred New Zealand black mice spontaneously develop a  broad spectrum 
of immunological aberrations  which range from the production of autoanti- 
bodies  of several  specificities  (28,  31,  32)  to  lymphoma development  (33). 
These  animals accordingly provide us with an eminently suitable model for 
examination of possible genetic components involved in autoimmune disease. 
This report is concerned with the expression of the immunoglobulin H  chain 
TABLE  VI 
Quantitation  of "yM- and 'yG-Imraunoglobulins on NZB Mouse Erythrocytes 
Mice 
Controls* 
NZB 
No. 
16 
13 
Micrograms of immunoglobulin per 1010 erythrocytes 
~M  Total  ~,G  "~Gzs 
1.75(0.7-2.7)§ 
8.3(2.8-16.5) 
3.1(2.0-8.6) 
15.9(4.8-85.0) 
2.s(1.84.o) 
5.5(1.7-12.8) 
* Eight Coombs'-negative mouse strains represented. 
:~ Median value. 
§ Range of values. 
genes in NZB mice as determined by measuring serum immunoglobulin class 
levels, and the class(es)  of erythrocyte autoantibodies. 
Determination  of  serum  immunoglobulin concentrations  has  shown  that 
NZB  mice have  a  specific  elevation of only one immunoglobulin class, "),M 
(macroglobulin). The degree of "yM-elevation is by no means as high as that 
observed in classical Waldenstr6m's macroglobulinemia (34),  but is still par- 
ticularly striking in  that it is both specific  for ~,M  and is  detectable many 
months prior to any previously recognized symptoms in these mice. The quan- 
titative results presented in this report for all the immunoglobulin classes  are 
in  agreement  with  immunoelectrophoretic  studies  (35)  which  also  demon- 
strated apparent increases in "~'M, and with several reports of serum protein 
concentrations as determined by paper (10) or cellulose acetate electrophoresis 
(36)  which demonstrated elevations in the 5'-globulin region in sera of NZB 
mice.  These  latter  observations  however  did  not  distinguish  between  the 
different immunoglobulin classes. 
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gammaglobulinemia of vG-type which is frequently observed in human auto- 
immune disease (15),  and the marked hypergammaglobulinemia in experimen- 
tal aleutian mink disease (37). 
Several possible explanations for the elevation of ~tM in these mice might 
be advanced. A decrease in catabolism of this protein would lead to increased 
serum levels without requiring any increased synthesis. Alternatively, an in- 
creased synthesis leading to elevated serum levels could be due to increased 
production per cell or to an increase in the number of "yM-synthesizing cells. 
Recent observations in man have shown that some of the human immuno- 
globulin H chain genes appear to be associated with different rates of synthesis 
of the protein (38).  It is therefore possible that the genetic type (allotype) of 
NZB "},M is also associated with an elevated rate of synthesis. However, in 
view  of  the  well  established  lymphoproliferative changes  observed  in  these 
mice  (2,  33,  35),  an increase in "yM-synthesizing cells  probably occurs.  This 
could  represent  either  a  general  immunological hyperreactivity or  specific 
antibody responses. 
Several groups have indeed speculated that autoimmunity may be associated 
with (perhaps dependent upon) immunological hyperreactivity (35, 39). There 
are, however, several difficulties with this concept as applied to NZB mice. 
Firstly, it would be unlikely that such a  general hyperreactivity would not 
involve the ~,G-immunoglobulin classes;  and secondly, preliminary observa- 
tions have indicated that the response of NZB mice to direct immunization is 
not significantly elevated as compared with the range of reactivity observed 
in normal mouse strains.  1 One report has, however, stated that NZB mice do 
show increased hemolysin plaque production to sheep red cells  as compared 
with one normal mouse strain (40). This is difficult to  evaluate,  as  there is a 
wide variation in the response to any given antigen by different inbred mouse 
strains  (41,  42). 2 This question will need critical examination with attention 
being paid to an analysis of "yM- and "yG-responses.  Such studies are at pres- 
ent in progress. 
The  second  alternative mentioned above  implies  that  the  increased ~,M 
represents  specific antibody production. The known autoanfibodies in NZB 
mice do not account for this elevated ~,M  since  the  antinuclear factors are 
~,G (31)  and although some of the erythrocyte autoantibodies are "yM-type, 
~,G-components  (particularly "}'G1) are  also  involved without being  accom- 
panied by an apparent increase in serum level. 
Several recent reports relating to human macroglobulinemia might provide 
some clues for this increased ~/M. Seligmann et al. (43) have made a systematic 
1  Warner, N. L., M. Davis, and H. H. Fudenberg. Unpublished observations. 
2 Warner, N. L., N. M. Vaz, and Z. Ovary. 1967. Immunoglobulin  classes in antibody 
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survey of  the  sera  of  family members  of Waldenstrt~m macroglobulinemic 
patients. Three main abnormalities  were observed in these patients: (a) pres- 
ence of a paraprotein of 3,M-type; (b) abnormal immunoglobulin levels without 
detectable paraproteins; and (c) abnormally high incidence of anti-'r-globulin 
factors in relatives less than 60 yr of age. These observations  show an associa- 
tion of macroglobulinemia  with some autoimmune manifestations, in a similar 
fashion to  the  well recognized  association  between  acquired  agammaglobu- 
linemia and autoimmunity (44). The similar association  of autoimmunity and 
elevated macroglobulin  levels in NZB mice may well indicate an underlying 
genetic defect linking these various aberrations of the immune system. 
Furthermore, it is pertinent to note that the three hybrids of NZB mice 
tested showed a lesser but still detectable elevation of ~'M. The elevation of all 
immunoglobulin  classes in  the  C3H.SW  mice is probably accounted for by 
their  being  under  constant  excessive antigenic  stimulation,  as  this  colony 
showed repeated infections and numerous early deaths. 
Analysis  of  the  immunoglobulin  coating on  red  blood  cells of old  (8-12 
month) NZB mice has demonstrated that all immunoglobulin  classes can be 
represented  in the autoantibody population.  In a  previous  study by Norins 
and Holmes  (22), it was found that the major coating of red cells in direct 
Coombs'-positive  NZB mice was a  ~'-globulin. Our results  are in agreement 
with this observation  in identifying the major component to be "yGrglobulin; 
however, other immunoglobulin classes were also detected in the autoantibody 
population  (notably "yM). This  was  probably not detected in  the previous 
study (22) since the antisera used apparently did not recognize ~,M-globulin. 
A report on the serum of one NZB mouse  (giving indirect Coombs'-positive 
test) does describe "yM-autoantibody,  but not "gG (10). Examination of more 
mice would probably have also demonstrated "rG. 
Our observations  are therefore in agreement with other reports (22, 28, 45) 
in indicating that in the NZB mice, as for warm erythrocyte autoantibodies in 
acquired human hemolytic anemia (46), the bulk of the autoantibody response 
is of a classical "rG-globulin. 
Antierythrocyte autoantibodies of several  specificities have been described 
in NZB mice (28, 32). The results presented in this paper do not discriminate 
between these possible antibody populations. 
From intensity of agglutination patterns, incidence  in the mice,  and pre- 
liminary quantitative data, it appears  that a  marked preponderance  of the 
antibodies  are "yG1. Expression  of  the various  immunoglobulin  classes in  a 
given antibody population can be markedly altered by the form of the antigen 
administration  (47). Of  particular  relevance  is  the  preponderance  of 7G1- 
antibodies  in mice  immunized  with an  antigen in  the  absence  of  complete 
Freund's  adjuvant.  ~ Further  analysis  of  this  restriction  in  immunoglobulin 
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the expression  of the parental types in the autoantibody population. This can 
be examined in (NZB X  NZC)F1 hybrids, since the two parental types belong 
to different alleles  at  each of the mouse immunoglobulin H  chain loci  (25). 
Unfortunately,  antigenic markers  for  ~Grallotypes  have not been detected, 
even  though  a  polymorphism of  this  heavy chain  gene has  been found by 
analysis of electrophoretic mobility (48).  In the four (NZB X  NZC)FI mice 
that eventually developed ~¢G2,-autoantibody,  NZB components were clearly 
demonstrated, although NZC immunogiobulin was not detected.  However, in 
view of the lower titer of antibody used to detect NZC (as judged by precipi- 
tation of nSI-labeled  globulin)  further tests are needed to determine the inci- 
dence of the parental types 
It should be stressed that sequential examination of individual mice has not 
been done and  these results  do not provide any further  information  on the 
question of possible 3'M-  to ~/G-conversion  (49)  within  a  specific  antibody- 
forming clone. 
Restriction  of  erythrocyte autoantibodies  in  human-acquired  hemolytic 
anemia has been observed in some instances by examination of L chain types, 
and electrophoretic mobility of the eluted antibodies (50). We do not have any 
comparative data on L  chain  types at present.  However, it is interesting  to 
note that most of the restriction in electrophoretic mobility of human erythro- 
cyte autoantibody was in the fast migrating region, analogous perhaps to ~'G1 
in mice. Examination of human H chain subclasses might also indicate restric- 
tion in erythrocyte autoantibodies. 
The  expression  of red  ceil  autoantibodies in  NZB  hybrid mice  is  dearly 
influenced  by genetic factors (11,  12). As previously reported (51),  (NZB  X 
NZC) F1 hybrids  appear  to  be  relatively unique  amongst  NZB  hybrids  in 
that development of Coombs' positivity occurs at a similar  age to the  NZB 
parent strain. However, as demonstrated by expression of the immunoglobulin 
classes,  the  full  qualitative  development  of  erythrocyte  autoantibodies  ob- 
served in NZB mice is not realized in most of the (NZB X  NZC) F1 hybrids. 
Preliminary attempts to quantitate the amount of autoantibody of various 
classes on the NZB red cell has been partly hampered by the persistent back- 
ground  inhibition  of precipitation  given by washed normal  mouse red ceils. 
This background level is probably not due to immunoglobulin,  since inhibition 
was still given in assays detecting an allelic form not represented in the geno- 
type of the normal red cell donor. Calculation of the approximate number of 
immunoglobulin molecules per NZB red cell gives the value of 400 ~M-mole- 
cules and 5000 "t G-molecules. 
Previous studies of the amount  of antierythrocyte antibody on red blood 
ceils have shown a wide variability between the number of molecules required 
to saturate the available antigen sites and the number required for the detec- 
tion of the biological  activity of the antibody. Greenbury, Moore, and Nunn 180  IMMUNOGLOBULINS IN  NZB  MICE 
(52), using rabbit antisera and human A  red cells,  found that the maximum 
number of molecules which could be bound per cell was 8.3  X  105 for 7G and 
1.7  X  105 for 7M.  In contrast the number of molecules required at the 50% 
agglutinating concentration was  1.9  X  104 for 7G and 2.5  X  10  ~ for 7M per 
cell.  In the case of human anti-Rh antibody, perhaps more analogous to our 
experimental situation,  Mollison and Hughes-Jones  (53)  showed that  as few 
as  10 molecules of antibody per Rh-positive cell would significantly decrease 
the in vivo half-life of the coated cells. The data reported in the present paper 
concerns the actual measurement of the number of antibody molecules fixed 
in vivo to the red cells rather than a minimum number needed for detecting 
antibody activity or the maximum number capable of being bound to the red 
cell. Thus it is apparent that for a full understanding of the antibody-mediated 
anemic state we must take into account the quantity of antibody present on 
the red cells and the biologic activity of the immunoglobulin class of erythro- 
cyte-bound autoantibody. 
SUMMARY 
Determination  of serum  immunoglobulin levels in  NZB  and normal  mice 
has indicated that an elevation of the 7M-globulin level occurs in NZB mice. 
This can be demonstrated in young NZB mice well before other autoimmune 
manifestations are  observed. A  slight  elevation of 7M-globulin was  also  ob- 
served in NZB hybrid mice. 
Erythrocyte autoantibodies were analyzed by the direct Coombs' test with 
specific antiimmunoglobulin reagents. Autoantibodies in NZB mice can be of 
all immunoglobulin classes,  although predominantly of 7Grclass. In (NZB  X 
NZC)FI hybrid mice, although Coombs' positivity develops around the same 
age as in NZB mice, there is a  greater restriction of the autoantibodies into 
7M- and 7Grclasses. 
Preliminary  attempts  to  quantitate  immunoglobulins  coating  NZB  red 
cells have shown that there are approximately 400 molecules of 7M and 5000 
molecules of 7G-globulin per NZB mouse red cell. 
This work was carried out in the laboratory of Dr. L. A. Herzenberg to whom we are most 
grateful for advice and  discussion.  Excellent technical assistance was given by Mr.  G.  M. 
Iverson. 
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